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Energy consumption is now becoming more and more critical due to climate 
change and rising energy price. Unlike energy use in industrial or commercial 
sectors, where energy is managed by professionals, residential energy consumption 
is affected by millions of diverse residents and consumed on many types of 
household appliances. In Singapore, energy is totally imported and more than 80% 
of residents live in HDB blocks. Therefore, a household electricity energy saving 
intervention program was done in HDB blocks in Hong Kah North district. 
The research objectives are to: (1) compare the effectiveness of different 
interventions based on self-reported behavior scores as well as actual electricity 
saving; (2) investigate how behaviors and electricity consumption are influenced 
by values and other demographics; (3) examine the methods of intervention used 
according to residents’ feedback and make recommendations. 
It is hypothesized that some interventions result in better results than others; and 
people’s values are determinant factors for their decisions on pro-environmental 
behaviors. The intervention program lasted six months and the method of 
comparing treatment groups against control group was used. General information 
in distributed materials (for households in Leaflet Group) and tailored information 
through conversation (for those in Tips Group) were provided to two treatment 
groups. Control Group received no information about energy saving. Surveys on 
demographic variables, behavior, value (Quality of Life) and feedback were used to 
collect data. Actual electricity consumption was also taken down. 
vii 
The results show that Tips Group had most self-reported behavior changes towards 
an energy saving way with statistically significance. However, when it comes to 
energy saving, Leaflet Group saved most. The average savings between the last 
period of the program and the period before the start of the program were: Leaflet 
Group saved 15.8%, Tips Group saved 7.1% and Control Group saved 2.7%. 
People open to change with an emphasis on Traditional Family Value (family, 
work, health and religion) were more likely to behave in an energy-saving way; 
actual electricity consumption was positively correlated to number of people living 
in, floor area and air-conditioner possession but none of the value dimensions. 
However, the not so large explained variance indicates there are other factors 
besides value aspects affecting pro-environmental behaviors and further study 
should be done. The households living in larger apartments provided with 
information on energy conservation saved more percentage of electricity. 
Stickers were only pasted by half of the households and people had their own 
preference towards intervention methods. Easiness of behavior, saving money and 
environmental concern were found to be relatively important reasons for residents’ 
choices on pro-environmental behaviors. All these highlighted the importance of 
giving the right interventions to different residents. 
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Chapter 1 Introduction 
1.1 Background 
Energy consumption has been a topic of interest for decades due to climate change 
and rising energy price. The society’s total energy consumption can be divided into 
three categories –industrial consumption, commercial consumption and residential 
consumption. Compared to the other two sectors, residential energy conservation 
faces a rather difficult task, for the reason that the energy use in the other two is 
managed by professional and experienced teams, while residential energy use is 
related to millions of diverse residents and consumed on various types of 
household appliances.  
Another important aspect for studying residential energy use in Singapore, which 
should not be ignored, is that Singapore is a totally energy-importing country and 
the small island’s environment is most vulnerable to climate change and global 
warming. The main contribution to Singapore’s greenhouse gas emissions is 
carbon dioxide and the construction and usage of buildings involve high levels of 
energy consumption as well as greenhouse gas emissions. (Gunawansa, Kua, 2010; 
Lutchmeeduth, Kua, Gunawansa, 2010) To complete its National Climate Change 
Strategy and fulfill its commitment to the world to reduce carbon intensity, 
Singapore emphasizes on enhancing residential energy efficiency and reducing 
residential energy use. 
In this study, residential energy refers to only electricity used within the household. 
Though transportation and gas used by residents may also account for a great deal 
of energy, they are neglected because transportation energy use is not easy to 
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measure precisely and gas consumption is not so common in Singapore’s public 
housings. 
How are residents in Singapore using energy? Is there any clear difference in 
electricity consumption between different groups of people (for example, rich 
versus poor; people using the most versus people using the least, etc.)? Residential 
energy consumption is related to many factors, such as weather, building physical 
characteristics, types of home appliances, how long and how home appliances are 
used. To reduce residential energy consumption, attention is focused more on the 
residents’ energy-using behaviors, how home appliances are used. That is a 
relatively easy way to affect electricity consumption. Here is the reason: weather 
and building physical characteristics are unlikely to change; if focusing on types of 
home appliances, substantial additional spending becomes an unfavorable must; it 
is possible to change the energy-related behaviors towards an energy-efficient way 
without affecting people’s comfort too much. 
In order to change residents’ behaviors effectively, theories on behaviors are 
reviewed. Measurement of behaviors involves self-reported behavior scores. The 
integrated VBN & ABC (value-belief-norm & attitude-behavior-external 
conditions) model describing values, pro-environmental behaviors and other factors 
(Stern, 2000) is used. In this study, it is believed that values affect beliefs, then 
norms and finally behaviors and that is tested in the analysis. Besides, the 
relationship between values, behaviors, demographics and energy consumption is 
also investigated. 
Last but not the least, what is the best way to influence the residents to change their 
behaviors is another important issue in this study. There are quite a lot of useful 
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interventions: commitment, goal setting, information providing, modeling, 
feedback and rewards. Each intervention can be further divided according to its 
features and details and several interventions can be combined together to affect 
energy conservation. In our study, the method of comparison between treatment 
groups and a control group is used in order to obtain a good intervention. 
1.2 Objectives and Scope of the Study 
In view of the points above, residents’ energy use and the relationship between 
their values and behaviors are main focus of the study. The objectives of the study 
are as follows: 
1. To compare the effectiveness of different interventions based on self-reported 
behavior scores as well as actual electricity saving and find out a good way of 
intervention; 
2. To investigate how behaviors and electricity consumption are influenced by 
values and other demographics; 
3. To examine the methods of intervention used and make recommendations. 
The core of the study is a household electricity energy saving intervention program 
done in Hong Kah North HDB buildings. The intervention program lasts six 
months. The effectiveness of interventions, self-behavior scores, values, and actual 
electricity consumption are main topics discussed. Statistics methods are applied in 
data analysis.  
 
1.3 Organization of Dissertation 
The outline of the dissertation can be described as follows: 
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Chapter 1 gives an overview of the dissertation and generalizes the background, 
research objectives, the scope of the study and the organization of the dissertation. 
Chapter 2 presents literature reviews on previous intervention programs aiming to 
reduce energy consumption and different models for pro-environmental behaviors. 
Chapter 3 describes the research methodology used in the study concretely. Details 
about the intervention program and methods for data collection and data analysis 
are covered. 
Chapter 4 presents the results of data analysis. The demographical characteristics 
are firstly discussed; the effectiveness of interventions is then compared according 
to self-reported behavior scores and actual electricity consumption; Quality of Life 
aspects are factored analyzed and regression models for behavior scores and 
electricity consumption are tested; and finally analyze households’ feedback.  
Chapter 5 brings in a conclusion to the dissertation and discusses about the 
limitations of the research and suggestions for further studies. 
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Chapter 2 Literature Review 
2.1        Energy Usage Related to Residential Sector 
2.1.1 Direct and Indirect Residential Energy 
“Residential energy” is an ambiguous phrase used by researchers. To define the 
extent of residential energy is necessary before any further discussion. Energy 
issues caught people’s attention firstly during the world energy crisis in the 1970s. 
Shortages of petroleum resulted in economic recession and people’s awareness of 
energy’s importance. Since then, researchers have put effort into the study of 
residential energy conservation. Electricity, gas, oil and all other forms of energy 
were all covered. Residential energy referred to energy consumed in the house.  
The definition of “residential energy” was broadened later. Energy consumed in the 
house, either in the form of electricity, natural gas, or petroleum, is defined as 
“direct consumption”; energy embodied in goods and services which are purchased 
by the household members, is called “indirect consumption”. Previous studies did 
calculate embodied energy for different goods and services, but to view the 
embodied energy as a part of residential energy provides insight for more 
comprehensive understanding for energy consumption. There are reasons why the 
comparison should not be made solely on direct consumption: supposing two 
households, one household always buy take-away food, while the other always 
cook and eat at home. That leads to more direct energy consumed in the latter 
family and uncertain influence on households’ total energy consumption. If only 
direct energy is considered, the conclusion may be flawed: people should not cook 
at home. If one household spend weekends at home, and though they lead a life 
without much energy consumed, energy is consumed. The other household usually 
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go out for recreation and takes airplane regularly. It is true that the latter spend less 
on the bills but it is difficult to judge that they are more energy-saving. 
The relationship between total energy, direct energy, income, expenditure and other 
factors has been carefully analyzed. Herendeen (1978) found that in Norway direct 
energy (either residential energy or auto fuel) consumed by families with different 
income was almost of the same amount while the amount of total energy differed. 
The relationship between energy requirement and household expenditure were 
studied by Vringer and Blok (1995) and Reinders et al. (2003). They all found that 
total household expenditure affected total energy requirement a lot and Reinders, 
Vringer and Blok (2003) also found a linear relationship between indirect energy 
requirement and total household expenditure; and the share of direct energy to the 
total energy requirement of households in 11 European Union (EU) countries 
varies from 34% up to 64%. 
However, quality of most research on indirect consumption highly depends on 
subjective responses from residents, including questions such as how much has 
been used and how long an activity lasts. Data availability is a problem for the 
reason that so many diverse activities are included in indirect energy consumption. 
Reinders, Vringer and Blok (2003) excluded expenditure of certain categories in 
his comparison of indirect energy use between EU members due to the reason of 
structural differences between the economies and unacceptable quality of available 
data. 
To include indirect energy consumption in residential energy is fatal because 
people now have a varied life compared to the old days and lots of activities 
happen outside the house, the energy consumption of which is not considered in 
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direct energy consumption. If focus is on electricity and gas that is consumed in the 
house, direct energy should be studied though indirect energy may also affect the 
amount of direct energy consumption. If energy consumed by residents or carbon 
dioxide emission is the main interest, total energy including direct and indirect 
energy is an appropriate research objective. 
2.1.2 Facts about Singapore’s Residential Energy Consumption 
For Singapore, publicized literature on residential indirect energy consumption is 
not found. Energy consumption of buildings (industrial, commercial as well as 
residential) took up about a third of Singapore’s total electricity production. (Chua 
and Chou, 2010) According to the National Energy Policy Report (2007), 
Singapore’s residential direct energy consumption accounts for around 10% of 
society’s total energy consumption in 2005 (shown in Table 2-1). This view is 
widely used in various reports of Singapore governments that a typical Singapore 
household spends about 50% of electricity bills on the air-conditioner and the 
refrigerator. 
Table 2-1 Singapore’s energy consumption by sectors in 2005 





b 32 16 <1 <1 - 
Electricity 
consumption  22 2 16 9 2 
End-Use 
consumption
 ~54 ~18 ~17 ~10 ~2 
a. Includes consumption for utilities, communication, construction, agriculture, etc.  
b. Electricity consumption is the part of power generation under the category of 
fuel consumption. 




2.2        Lessons from Past Intervention Programs 
2.2.1 General Description 
In order to reduce residential direct energy consumption, besides sustainable 
building design and technology improvement which includes better heat insulation 
material, energy efficient products and application of renewable energy systems, 
lots of efforts were made on intervention programs. The purpose of interventions is 
to change residents’ behavioral patterns towards an energy-saving manner and thus 
impact on energy consumption.  
Behaviors related to residential energy conservation can be divided into two 
categories: efficiency and curtailment behaviors. (Gardner and Stern, 2002) 
Efficiency behaviors are one-shot behaviors and require purchase of energy-
efficient equipment. Curtailment behaviors involve repetitive efforts to save energy 
consumption. Gardner and Stern (2002) also identified energy-saving potential of 
efficiency behaviors is greater than that of curtailment behaviors.  
Two types of strategies are identified to promote household energy conservation. 
Psychological strategies are aimed at changing people’s knowledge, perceptions, 
motivation, cognitions and norms related to energy use and conservation. Examples 
are the provision of information and modeling. Structural strategies are aimed at 
changing the context in which decisions are made so as to make energy 
conservation more attractive. Examples are new or better products and services, 
changes in infrastructure, pricing policies and legal measures. (Steg, 2008) 
Most interventions were only targeting at direct consumption while indirect 
consumption was seldom discussed. Even for those with discussion on indirect 
consumption, no significant difference of indirect energy savings existed. (Benders, 
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2006; Abrahamse et al., 2007) For the reason of limited literature of interventions 
on indirect consumption, interventions reviewed below are all about direct 
consumption. 
The taxonomy for behavior change interventions, proposed by Geller et al. (1990) 
to distinguish between antecedent and consequence interventions, is applied for the 
classification of past intervention programs. Antecedent interventions mean the 
influence is made before the behaviors. One of the examples is to provide energy-
saving knowledge to households. The key of antecedent interventions is whether 
the determinants of behaviors are changed. Consequence interventions are based on 
the assumption that positive consequences make people inclined towards pro-
environmental behaviors while negative consequences do the opposite. The 
example is to provide useful information based on electricity bills. There are 
mainly following types of antecedent interventions: commitment, goal setting, 
information and modeling; and feedback and rewards are two main types of 
consequence interventions. (Abrahamse et al., 2005)  
2.2.2 Antecedent Interventions 
2.2.2.1 Commitment and Goal Setting 
A commitment is an oral or written pledge or promise to change behavior. A 
commitment usually is combined with a goal setting, which gives a reference point 
for energy reduction. A goal setting can be set by either the households themselves 
or the experimenters. A commitment is literally of the households’ wishes. 
Pallak and Cummings (1976) used commitment in the interventions with the aim of 
reducing natural gas and electricity consumption. Information was provided to all 
households in treatment groups. One treatment group was personally identified. 
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How much the energy changed would be communicated to the public by 
newspaper. The other treatment group agreed to attempt energy conservation but 
they would not be personally identified. The authors tagged these two groups as 
“public commitment” and “private commitment”. Homeowners under public 
commitment showed a lower rate of increase in the use levels for both natural gas 
and electricity than under private commitment or in the control. Mosler and 
Gutscher (2004) compared the effectiveness of different intervention methods. 
There were totally 48 individuals in four experimental groups, which indicated the 
findings were all but statistically significant. The grouping strategy is as follows: 
Group One “advice, feedback and commitment”, Group Two “advice and 
feedback”, Group Three “advice only”, Group Four “advice and commitment” and 
a control group. During the treatment period, the first three groups reduced almost 
the same amount which was more than the control group while Group Four reduced 
less than the control group. In the post-treatment period, all the groups showed 
more percentage of reduction than the control group. 
Becker (1978) set a difficult goal (20% electricity reduction) and an easy goal (2% 
electricity reduction) for households to reduce electricity consumption. Within 
these groups with different goals, half of the households were given feedback three 
times a week about their consumption. The results showed that households with a 
difficult goal and feedback conserved the most and that group was the only one that 
consumed significantly less than the control group. That was an interesting finding: 
goal setting alone did not work, and to make goal setting effective, it must be a 
relatively difficult one and accompanied by consumption feedback. McCalley and 
Midden (2002) studied the influence of goal setting on electricity consumption of 
machine washing in a lab environment. It was found out that “feedback with self-
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chosen goal” group and “feedback with assigned goal” group reduced around 20%, 
while “feedback only” group reduced about 10%, almost the same as control group. 
That implied both a self-chosen goal and an assigned goal are useful in 
interventions and no much difference existed between them. 
2.2.2.2 Information 
Information about energy problem or energy saving measures is widely dispersed 
in interventions. A simple assumption is made when providing information: 
people’s awareness or knowledge of energy-related problems or solutions is an 
important factor in pro-environmental behaviors. Workshops, mass media 
campaigns, tailoring and modeling are the main types to provide information. 
(Abrahamse et al., 2005) 
The method of workshops was applied in Geller’s (1981) energy-conservation 
program. Voluntary attendees participated in a three-hour workshop with various 
techniques, including both engineering and behavioral strategies, for conserving 
energy in the home. In addition, a shower-flow restrictor and more than 50 pages of 
written material were distributed to everyone. Changes included more concern 
about energy crisis, increased knowledge about energy conservation and increased 
commitment in changing residential lifestyle for energy conservation. The 
responses to energy-related questions not directly covered during the workshop, did 
not change significantly. However, there were no differences between attendees 
and non-attendees in the number of adopted energy-saving measures. Staats (2004) 
used an intervention package containing information, feedback and social 
interaction in his EcoTeam Program. Groups of six to ten acquaintances gathered 
together periodically to share experiences on energy conservation. Results showed 
12 
reductions on four physical measures of resource use during the interventions and 
two years after interventions.  
Mass media campaigns were studied. Luyben (1982) examined the effectiveness of 
President Carter’s televised plea to lower thermostat settings. However, there were 
no difference in either knowledge or thermostat settings between those who had 
heard the plea and those who had not.  
Tailoring of information is viewed as home audit, which gives personalized 
information to residents and relatively requires more effort. Since the irrelevant 
information is neglected and the important points specifically for the household are 
highlighted, a better effect of interventions is expected. Because tailored 
information is combined with feedback, it will be discussed later.  
Modeling means providing examples of encouraged behaviors for residents to 
follow. Winett et al. (1985) used cable TV for modeling. The program was twenty 
minutes long. Its communication and social learning aspects were rapid pacing; a 
well-known theme song; use of modeling, voiceovers, and captions to emphasize 
every key point; and repetition of every key practice four times with a summary at 
the end of the program. The program was tailored to the target audience. It showed 
many locations and homes similar to the participants' neighborhood and home. 
Actors were the mean age of the viewers and scenes showed economic and life-
style patterns that were similar to the target audience. TV modeling group 




2.2.3 Consequence Interventions 
2.2.3.1 Feedback 
The difference between feedback and information is that feedback is a kind of 
information based on the current situation of electricity consumption. It has quite a 
few features, such as content, frequency, duration, medium, comparison and 
whether it is combined with other instruments, all of which influence the success of 
interventions. 
Abrahamse et al. (2005) provided a review on the frequency of feedback 
(continuous feedback, daily feedback, weekly and monthly feedback) and found 
that the more frequent of feedback usually resulted in more effective interventions. 
He also found in Kantola, Syme and Campbell’s study (1984), high frequency was 
not necessary for success: by giving feedback to evoke cognitive dissonance once, 
energy consumption was significantly reduced. Darby (2006) reviewed past 
interventions and found (1) immediate direct feedback was extremely valuable; (2) 
user-friendly display was needed as part of any new meter specification; (3) the 
outcomes from feedback varied but improvement could be made by using feedback 
with advice and information. 
A review on feedback was done in a detailed manner by Fischer (2008). 22 
intervention programs were covered and the success or flaws were analyzed. It was 
found that many of interventions in the past did not have sufficient numbers of 
participators to reach a statistically valid conclusion. The most important 
conclusion was that the most successful feedback has these features: it is given 
frequently and over a long time, provides an appliance-specific breakdown, is 
presented in a clear and appealing way, and uses computerized and interactive tools. 
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Ayres (2009) applied peer electricity comparison in the field experiment with a 
sample size of 85,000 households. Four key personalized components were 
contained in the home energy reports: current period neighbor comparison, twelve-
month neighbor comparison, personal historical comparison and targeted energy 
efficiency advice. Results revealed that peer comparison reports cause significant 
reductions in home energy use. However, a boomerang effect, which means 
informing individuals of typical peer behavior inadvertently inspires those who 
have been under-estimating the prevalence of an activity to increase the unwanted 
behavior, was found. Four possible types of envelope size and report type 
(graphical versus narrative) combinations were compared. The most effective was a 
graphical version of the report sent in a number ten standard business size envelope, 
in which monthly bills were sent. 
2.2.3.2 Rewards 
Rewards, sometimes referred to as “rebates”, are money as an incentive for 
residents to conserve energy. Rewards could be either a fixed amount or related to 
amount of energy saved. Receiving rebates for reduced energy use means the price 
of energy changed. (Kagel and Winkler, 1972) Winett et al. (1978) analyzed high 
rebates and low rebates in his study. In Winett’s program, totally 129 volunteer 
households were assigned to five experimental groups: a high reward equal to 240% 
price change in electricity with energy saving information and weekly written 
feedback; a low reward amounted to 50% price change with energy saving 
information and weekly written feedback; a weekly feedback group without 
rewards; an information only group; and a control group. The only group showing 
significant reduction was the group with a high reward.  
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McClelland and Cook (1980) tested the effectiveness of group financial incentives 
in an energy conservation contest among four groups of apartments. The program 
had six 2-week contests. The apartment block, which saved most percentage of gas 
consumption during a contest, was the winner and received a reward. A group of 
residents received a 15-page energy-saving guide from their housing administration. 
The highest drop was recorded during the first contest while the smallest savings 
were in the last contest period for every group and energy savings were smaller but 
still statistically significant through the first eight weeks. Knowledge of the contest 
results was minimal. Most residents were not aware of who had won a prize. 
McClelland concluded that an incentive program should insures incentive 
payments will not exceed savings; avoids the necessity of accurate estimates of 
energy savings; and includes disincentives for waste as well as positive incentives 
for conservation would overcome the practical problems and perhaps be more 
effective in encouraging energy conservation in addition. 
2.2.4 Summary 
From the review of past intervention programs above, the key findings are as 
follows: 
1. Two types of behaviors (efficiency versus curtailment behaviors), two types of 
strategies (psychological versus structural), and two types of interventions 
(antecedent versus consequence) are identified. 
2. The combination of interventions usually works better than a single treatment. 
For example, goal setting with feedback was better than goal setting alone; 
information combined with other interventions was more useful than solely 
providing information. 
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3. Personalized information may be more useful than general knowledge; vivid, 
graphical, understandable information is preferable. 
4. The design of feedback is crucial. As was stated by Fischer (2008), the most 
successful feedback has these features: it is given frequently and over a long time, 
provides an appliance-specific breakdown, is presented in a clear and appealing 
way, and uses computerized and interactive tools. 
5. Rewards are useful for energy conservation but the amount of rewards and other 
features should be carefully designed. 
2.3       Behavior and Theories for Pro-Environmental Behavior 
2.3.1 Behavior and Energy Consumption 
Theoretically, interventions need to exert influence on residents’ energy-related 
behaviors and then change energy consumption. Therefore, a lot of research works 
have been done on the relationship between behavior and energy consumption. To 
measure energy-related behaviors, 5-point, 7-point, 10-point scales were used by 
different researchers to describe the frequency of self-reported behaviors or to what 
degree they agreed that they performed behaviors. Behaviors were classified in 
different ways: Gardner and Stern (2002) divided energy-saving behaviors into 
efficiency and curtailment behaviors; Lindén, Carlsson-Kanyama and Eriksson 
(2006) used the classification of nutrition, cleanliness, entertainment and 
information and domestic heating and lighting; Lingyun et al. (2011) defined low 
carbonization energy consumption behavior as two aspects: purchasing and 
choosing behavior and daily using behavior. Lingyun’s classification was similar to 
Gardner and Stern’s. 
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Quite a lot of research works are about energy-saving behaviors. Warriner, 
McDougall and Claxton (1984) found sizeable though not great error ranging from 
10% to 29% of self-reported household energy consumption behaviors and no 
systematic over or underreporting. Macey (1991) used a causal model of reasoned 
action and found psychological variables were better predictors of conservation 
behavior than socioeconomic, demographic or building unit variables. Mullaly 
(1998) found no significant correlation between self-reported behaviors and energy 
consumption and thought social desirability to be the main reason. Gatersleben, 
Steg and Vlek (2002) found pro-environmental behavior is strongly related to 
attitudinal variables, while household energy consumption is primarily related to 
variables like income and household size. Carisson-Kanyama, Lindén and Eriksson 
(2005) compared self-reported behavior scores between young and old people, 
people with a high and low score of environmental attitudes, different dwelling 
types and different income groups. Among these grouping ways, generation was 
found to be the most powerful predicator, while environmental attitude, 
surprisingly, was the weakest explanatory variable. It was also discovered which 
behaviors could or could not be improved in the future. Barr (2007) built a 
conceptual framework with environmental values, situational characteristics, and 
psychological factors in consideration. Psychological factors were relatively less 
mentioned in other studies. He summarized the contents of psychological factors 
from different literatures: altruistic influences (Hopper and Nielsen, 1991), intrinsic 
motivation (De Young, 1986), effect on personal well-being (Baldassare and Katz, 
1992), tangibility of behavior (Hopper and Nielsen, 1991), social norms (Fishbein 
and Ajzen, 1975) and self-efficacy (Chan, 1998). 
18 
In summary, the relationship of self-reported behavior and energy consumption is 
still not so clear and researchers reached different conclusions about whether self-
reported scores were reliable. For our study, it is necessary to take both behavior 
and actual energy consumption into consideration. 
2.3.2 A Brief Overview of Behavior Theories 
Various theories have been employed to explain pro-environmental behaviors. 
Economics, theories of technology adoption and diffusion, and environmental 
psychology have all been explored by different researchers for the study of pro-
environmental behaviors.  
Economics theories are used to analyze behaviors, such as utility-maximization 
theory. It is assumed that people are rational actors with the unchanged preferences 
over time under various conditions. The concept of elasticity, measuring the 
responsiveness of the quantity in response to the change of price, was used in the 
discussion on rewards and changes of electricity price. (Winett, 1978) Cost-benefit 
analysis was also applied in the study of installment of new equipment with the use 
of discount rate. (Wilson and Dowlatabadi, 2007) Since people actually do not 
consistently make rational choices and they may have different preferences under 
different circumstances, behavioral economists integrate time inconsistency, 
framing, reference dependence, and bounded rationality with utility-maximization 
theory. However, behavior economics has very little empirical basis in energy use. 
(Wilson and Dowlatabadi, 2007) 
Theories of technology adoption and diffusion mainly explain why innovations 
could be widespread, what serves as barriers against the spread of innovations and 















































































































theory of technology diffusion and adoption is especially useful for designing and 
analyzing the communication process and indicating possible improvements. 
2.3.3 Value and Behavior 
Environmental psychologists view pro-environmental behaviors in their own ways: 
unlike rational action theory, which focuses solely on information and monetary 
differences and fails to notice the diversity of humans themselves and their 
environment (Dennis et al., 1990), environmental psychologists include people’s 
value as well as contextual domain in their research on pro-environmental 
behaviors. It is believed people’s behaviors are affected by their values. Karp (1996) 
proved the significant correlation between values and various behaviors, such as 
recycling behaviors, consumer behavior and pro-environmental political behaviors. 
The VBN (value-belief-norm) theory proposed by Stern (1999) was a powerful tool 
to understand how one’s values influence beliefs, beliefs determine norms, norms 
build attitudes, and attitudes influence behavior. Values in this model included 
altruistic values, self-enhancement values and egotism. 
In consideration of the importance of external conditions on behavior, Stern (1999) 
developed the theory further. An attitude-behavior-external conditions (ABC) 
model (Guagnano, 1995), which describes attitudes could result in behavior change 
only if contextual variables provide weak incentives or disincentives, is integrated 





























































































Table 2-2 Twenty-two Quality-of-Life aspects and their descriptions 
No Aspect Description 
1 Aesthetic beauty Being able to enjoy the beauty of nature and culture. 
2 Challenge/exciteme
nt 
Having challenges and experiencing pleasant and exciting 
things. 
3 Change/variation Having a varied life. Experiencing as many things as 
possible. 
4 Comfort Having a comfortable and easy daily life. 
5 Education Having the opportunity to get a good education and to 
develop one’s general knowledge. 
6 Environmental 
quality 
Having access to clean air, water, and soil. Having and 
maintaining a good environmental quality. 
7 Freedom Freedom and control over the course of one’s life, to be able 
to decide for yourself, what you do, when, and how. 
8 Health Being in good health. Having access to adequate health care. 
9 Identity/self-
respect 
Having sufficient self-respect and being able to develop 
one’s own identity. 
10 Leisure time Having enough time after work and household work and 
being able to spend this time satisfactorily. 
11 Material beauty Having nice possessions in and around the house. 
12 Money/income Having enough money to buy and to do the things that are 
necessary and pleasing. 
13 Nature/biodiversity Being able to enjoy natural landscapes, parks, and forests. 
Assurance of the continued existence of plants and animals 
and maintaining biodiversity. 
14 Partner and family Having an intimate relation. Having a stable family life and 
having good family relationships. 
15 Privacy Having the opportunity to be yourself, to do your own 
things, and to have a place of your own. 
16 Safety Being safe at home and in the streets. Being able to avoid 
accidents and being protected against criminality. 
17 Security Feeling attended to and cared for by others. 
18 Social justice Having equal opportunities and having the same possibilities 
and rights as others. Being treated in a righteous way. 
19 Social relations Having good relationships with friends, colleagues, and 
neighbors. Being able to maintain contacts and to make new 
ones. 
20 Spirituality/religion Being able to live a life with an emphasis on spirituality 
and/or with your own religious persuasion. 
21 Status/recognition Being appreciated and respected by others. 
22 Work Having or being able to find a job and being able to fulfill it 
as pleasantly as possible. 
(Source: Poortinga, Steg and Vlek, 2004) 
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The link between values and behavior has been extensively analyzed. For example, 
Stern et al. (1995) analyzed the relationships between values, New Ecological 
Paradigm (NEP) scale, a scale of awareness of consequences (AC) of general 
environmental conditions and behavioral intentions. It was found that NEP and AC 
behaved similarly in a causal model which linked environmental beliefs to attitudes 
and behaviors. Pootinga, Steg and Vlek (2004) used a scale of value aspects to 
discuss the relationship among values, NEP, concern about global warming, policy 
support, acceptability of energy-saving measures and energy use. 
2.3.4 Summary 
The energy intervention program requires us to study how energy consumption is 
affected by interventions. However, intervention is firstly related to behavior 
changes and then energy consumption. Economics, theories of technology adoption 
and diffusion, and environmental psychology have all been adopted by different 
researchers to analyze pro-environmental behaviors but economics is more useful 
in the area of discussing price changes and making rational choices. Theories of 
technology adoption and diffusion can be used to study the design of interventions. 
Because the intervention program involves quite a number of households, to 
examine the intrinsic relations between values and behaviors becomes possible 
with the quantity of households. The QOL scale is used, as a comprehensive scale 
designed to research on sustainable household consumption. Because previous 
literature (Macey, 1990; Gatersleben, Steg and Vlek, 2002; Carisson-Kanyama, 
Lindén and Eriksson, 2005) showed quite different results about whether attitudes, 
values or demographics influenced behaviors, values and demographics are 
examined to see their links with behaviors and actual consumption. 
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2.4        Identification of Knowledge Gap 
With reference to the review above, effective interventions need to be carefully 
designed. The interventions should be a combination of several out of commitment, 
goal setting, information, modeling, feedback and rewards. Especially taking 
Singapore’s context into consideration, intervention programs were done before but 
there was little work of scientific research on it or relation between people’s values 
and pro-environmental behaviors.  
Though important indirect energy consumption is, it is neglected as a result of 
relevant data availability and quality. Based on the resource available, some 
methods of disseminating information like mass media campaign and modeling are 
not adaptable. To do research that can be statistically tested, the sample size should 
be relatively large and the number of comparative groups is small. A common 
method, distributing information pamphlets and a relatively unused method, 
tailored information is compared. Actual energy consumption and self-reported 
behavior scores are regarded as main observed variables in the study. They will be 
used to measure, evaluate the effectiveness of interventions and study the links 
between values, demographics and behaviors. 
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Chapter 3  Research Methodology 
3.1 Research Hypotheses 
Based on the literature review in Chapter 2, here are the research hypotheses: 
1. Some interventions lead to better results than others; 
2. People’s values are determinant factors for their decisions on pro-
environmental behaviors, and especially some can function as good predictors. 
3.2 Research Design 
An intervention program on residential electricity consumption is a key component 
of the research. Actual consumption and responses to questionnaire surveys are 
data to collect in the program. Grouping method is used in order to compare the 
effect of interventions. Statistics is widely used in data analysis. The overall 
research design structure is shown in Figure 3-1. 
 
 
Figure 3-1 Research design 
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3.3 Sample Choosing 
In Singapore, public housing HDB estates are chosen for the study of energy 
intervention. There are mainly two reasons for such a choice: first, limited time and 
resources require focus on either public housing or private housing; second, over 
80% of Singapore residents living in HDB so studying on public housing is more 
meaningful and representative. 
The intervention program is officially called as “Eco-living program”. National 
Environment Agency (NEA) provides leaflets and stickers. Philips Lighting 
supports the program by giving rewards to five most energy-saving households. 
ECO Singapore, a non-government organization with the aim of promoting eco-
friendly events in Singapore, arranges time and resource for the project. ITE 
College West is another partner, who offers its students as volunteers and 
experimenters to make direct contact with residents in the project. Southwest 
Community Development Council of Singapore (SW CDC) and Hong Kah North 
Residential Council (RC) give permission for the program in the area and offer a 
place for gathering and distributing materials on the event day. Our side, NUS, is 
responsible for research design, education for volunteers, and data analysis. 
The next step is to choose an adequate sample to represent the situation of 
Singapore’s public housing. The sample should have a sufficient sample size, 
which ensures the results are statistically valuable; it should include an area where 
the HDB estates are neither too old nor too new, in accord with the general 
situation of Singapore. The area of Block 301 to 370 (excluding Block 324 to 336), 
Hong Kah North is recommended to us by SW CDC, as a place for such an energy 
intervention project. Buildings there were mainly built from 1985 to 1986, now 
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with an age of around 25 years. The map of the area is shown in Figure 3-2. The 
heights of the blocks vary, from the shortest two-storey high, the apartment type of 
which is executive maisonette, to the highest blocks as high as 15 storeys. Up till 
the intervention program, various HDB upgrading programmes have been 
announced and completed in the selected blocks, including Lift Upgrading 
Programme (LUP), Interim Upgrading Programme (IUP), Interim Upgrading 
Programme (IUP) Plus and Neighbourhood Renewal Programme (NRP). Though 
different programmes were undertaken in specific blocks, the scope of works 
includes lift upgrading, linkways, repainting, new letter boxes, seating areas, 














3.4 Grouping, Duration and Procedure 
In this study, the basic component is a household. A household means the total 
residents who live in the same house. No matter how many families or members 
are in an apartment, people in an apartment are regarded as a “household”. An 
alternative classification of “households” is based on the status of living together as 
well as kinship or marriage. The advantages of the first definition is simplicity –
researchers can use and analyze the bills directly; the benefits for the second 
definition is that the people with kinship or marriage may have similar energy-
related behaviors, and the relation of behaviors and energy consumption can 
therefore be better studied. In Singapore’s context, this means the proportion of 
people who rent the same apartment without kinship or marriage is the main 
difference of the classification of “household” under the two methods mentioned 
above. There are two reasons to choose the first definition in this program: (1) only 
the bills for the whole apartment exist and there is no further reliable data for the 
second method; (2) more than 90% of the people in the sample own the apartments 
and do not rent it to someone outside the family. After comparing the cost and 
benefit of the two methods, the first one is chosen. 
In order to compare the influence of different methods of intervention, households 
are divided into three groups: leaflet group, tips group and control group. (See 
Table 3-1) All the households are asked about their energy-related behaviors 
monthly. Leaflet group means leaflets, as well as stickers, designed by NEA for the 
Energy Efficient Singapore – Fight Climate Change program, which include 
information about energy saving behaviors, will be provided; tips group means 
after questions about behaviors, some tips about what to do and the explanation 
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based on their responses to the questions will be provided; and control group 
means the residents in this group will only be asked about their behaviors monthly. 
Table 3-1 Different interventions for different groups 
Group 1 (Leaflet) Group 2 (Tips) Group 3 (Control) 
Behavior questionnaire 
Provide leaflets and 
stickers 
Give energy saving tips 
based on responses No other actions 
 
The leaflet provided to Group 1 is a series of comic about a husband and a wife 
talking on energy saving topics, such as using fans instead of air-conditioner, set 
the air-conditioner’s temperature higher than 25°C, do not use standby mode, 
choose energy efficient light-bulbs, and choose appliances with more ticks. The 
sticker includes exactly the same information as the leaflet in another way of 
expression with the use of icons. 
The program started in November 2010 and ended in June 2011. Home visits were 
made on the last Saturday of each month. In November and December 2010, visits 
were made to encourage the residents to participate in the program. The energy 
intervention part started in January 2011 and continued until June 2011. The 
schedule is shown in Figure 3-3. 
 
 
Figure 3-3 Schedule of intervention program 
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In the introducing round, volunteers of the program visit door by door to ask 
residents to join the program. If they agree to join it, they are informed about the 
aim of the program “Energy conservation and promoting an eco-friendly life style”, 
the duration of the program “Half a year”, the main activity of the program “On 
every last Saturday of the month, volunteers will come, ask questions and provide 
information about energy conservation” and the prize of the program “The top five 
households who save most energy will each obtain a $1,000 voucher from Philips 
Lighting”. However, what exactly kind of information will be provided during the 
intervention and the grouping strategic of households are not disclosed to the 
residents. 
In each round of intervention, surveys to ask the residents, methods applied in this 
round and lessons from the last round will be shared and discussed among the 
participators one week before the intervention. At the beginning of the same week 
as the intervention, on either Monday or Tuesday, a meeting between NUS and Eco 
Singapore is held for discussion. On Friday afternoon, an introduction and training 
section is given in ITE College West, to let the students familiar with the stuff and 
the procedure. Information includes the aim of the program, what to do with 
households in different groups, what kind of data to collect, role play, etc. On the 
next day Saturday’s morning, after gathering and brushing up the procedure, four 
or five students will be in a group and go to different parts of the area to perform 
the intervention. The students in the same group are not in the same ethnics in case 
some residents cannot speak English. The same person of the household should be 
enquired in all the rounds and he should not answer questions based on his 
situation. Instead, his opinion should represent the whole household’s overall 
situation.  
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3.5 Questionnaire Design 
There are mainly four parts of the questionnaire used in the study: Basic 
Information, Behavior Score, Quality of Life and Feedback. They are not all used 
in every round of intervention and some are only used once. 
3.5.1 Basic Information 
Appendix 1 shows the questions under this part. Demographic questions, including 
ethnics, ages, genders, education levels, as well as house type, number of people 
living in, are asked in this part. For these are all stable during the intervention 
period, they are asked only once. 
3.5.2 Behavior Score 
The questions under this part are shown in Appendix 2 and Appendix 3. Behavior 
score means how well the residents think they have done in different actions. This 
part is modified from the NEA’s version and the main change are: (1) a 5-degree 
Likert scale instead of a yes-no option choice is used; (2) questions about 
efficiency behaviors, purchasing or choosing home appliances, are removed, while 
questions about curtailment behaviors, using home appliances are retained. The 
reason for such remove is disposal or purchase home appliances is not routine for 
most households, while attention is paid on how intervention can change residents’ 
behaviors and let them behave daily in an energy-saving way.  
The energy-related behaviors are first classified according to types of home 
appliances, such as air-conditioner, refrigerator, water heater, light, home 
electronics, electric air-pot, and clothes dryer. Under each category, there are 
several questions describing energy-related behaviors. If the household does not 
possess a kind of home appliance, the behavior questions under the same category 
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should not be asked. A 5-degree Likert scale is used – never, rarely, sometimes, 
usually and always, to describe the frequency of the behaviors. For example, in 
response to the description “Set the thermostat of air-conditioner above 25°C”, 
“always” means it is done all the time, 100% fulfilled; “never” means it is never 
done, 0% fulfilled; “rarely”, “sometimes” and “usually”, respectively, mean 25%, 
50%, 75% fulfilled. That is to say, “rarely” under the description of “Set the 
thermostat of air-conditioner above 25°C” means when using air-conditioner, 25% 
of time it is set above 25°C. For some behaviors, such as “Allow some space all 
around the fridge”, because using the same description of scales from “never” to 
“always” seems a bit unclear though still understandable, the behavior’s description 
of the 5-degree scale is modified. 
The behavior score part has totally 21 questions and is asked in every round of the 
program, for the reason that one of the aim of the program is to validate the effect 
of intervention and it is necessary to check whether some positive or negative 
changes in behaviors happen. Only for the tips group, an explanation about the 
reason or the benefit of the behavior is also written down. If “never” or “rarely” of 
a particular question, is chosen, then the explanation is also told to the residents. In 
this way, tailored information is given to the residents and that is why it is called as 
“tips group”. Figure 3-4 shows the communication process between the residents 
and experimenters in Tips Group. 
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Figure 3-4 The way to provide tailored information in Tips Group 
 
3.5.3 Quality of Life  
As is discussed in Chapter 2, the list of 22 QOL aspects is used to describe 
people’s values in our study. A 5-scale Likert scale, ranging from one to five, 
namely unimportant, slightly important, important, very important, critical, is 
employed. The questionnaire used is shown in Appendix 4. In our study, 
experimenters first explain to the residents how to make a choice between the 5-
scale and then let the residents continue to do the questionnaire themselves. In 
some cases, residents do not understand the meaning of the description. 
Explanation will be given and experimenters will guide them through the 
questionnaire. 
3.5.4 Program Feedback 
In this part, questions are mainly in two categories: first, whether the program has 
worked as designed; and second, what people regard as important reasons for 
taking the energy saving measures, as are shown in Appendix 5. In the first subpart, 
questions include whether residents have spread the information to other family 
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members, whether residents in Leaflet Group have read the leaflets and pasted the 
stickers and so forth; in the second subpart, reasons include saving money, 
environmental concern, convenience of information, encouragement, trust in 
information source, satisfaction from energy saving behaviors and easiness of 
behaviors. The second subpart is cited from Kua’s study (2012) and some of the 
reasons correspond with psychological factors influencing behaviors summarized 
by Barr (2007). A 5-degree Likert scale from one (strongly disagree) to five 
(strongly agree) is used in this part. The program feedback part is only asked in the 
last round of intervention study in June 2011. 
3.6 Data Collection and Processing 
3.6.1 Data Collection 
Data collection is done via the questionnaire surveys discussed in Section 3.5, and 
actual electricity consumption data is also collected. There are two collection 
methods, utility bill and meter reading.  
The Singapore electricity supplying company, Singapore Power (SP) Services send 
utility bills to households every month. However, SP Services only do the actual 
meter reading every other month. As for Hong Kah North area, the meter reading is 
only done on 20th odd-number months. For convenience, the consumption from the 
20th latest even-number month to 20th odd-number month is referred to as odd-
number month’s consumption. That means the summation of electricity 
consumption on the bills of an even-number month and a following odd-number 
month is a real consumption. The electricity consumption in even-number months 
on the bills, referred to as “estimated consumption”, is the product of number of 
days in the calculation period and the daily average consumption in the nearest 
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two-month-long real consumption period. Therefore, when using data from utility 
bills, a combination of an even-number month and a following odd-number month 
is a must. Besides electricity consumption data on utility bills during the 
intervention period, data before the intervention is also collected for analysis. 
Meter readings were taken down in May and June 2011 in order to get the 
consumption data of June 2011. Because the program ends in June 2011 and the 
consumption of a single month is not available from SP Services, the electricity 
consumption of June is calculated by subtracting May’s meter reading from June’s 
meter reading. 
Therefore, here are five periods with electricity consumption data to analyze:  
1. First period, October and November, a period before residents signed up the 
program;  
2. Second period, December and January, a period after they signed up before any 
interventions based on groups were performed;  
3. Third period, February and March, the first period after the first intervention 
done in January;  
4. Fourth period, April and May, the second period after the first intervention with 
actual consumption data;  






Figure 3-5 Five periods for comparison 
 
However, the above is not enough for rigorous comparison. Because the days in 
different months differ, a slight correction is made: for a majority of periods have 
61 days, then the consumption of February and March multiply by 61/59 and the 
consumption of July multiply by 61/31 to get the corrected comparable 
consumption so the numbers of days in different periods are the same. 
In summary, here are the data to collect during interventions: 
1. Household demographics, including ethnics, income, education, house type, 
number of people living in, etc.; 
2. Household monthly electricity consumption, including PUB’s utility bills and 
monthly meter reading; 
3. Household behavior scores, how well they think they are doing the energy-
related behaviors, obtained by surveys each month; 
4. Household’s Quality of Life scores, with the use of a 5-point Likert scale to 
measure the household’s value, through a questionnaire; 












3.6.2 Data Processing 
IBM SPSS Statistics 19 and Microsoft Excel 2010 are the software used in data 
analysis. The major statistics methods include but are not limited to tests, such as 
Wilcoxon Rank Test, Mann-Whitney Test, to see if the differences between groups 
and between different periods during the program are significant, as well as factor 
analysis and ordinary least squares regression, which serve as tools to study the 
relationships among values, behaviors and actual consumption. Graphs are also 
used to see the distribution of residents’ subjective responses. 
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Chapter 4  Data Analysis 
4.1        Basic Information 
4.1.1 Groups 
Around 400 households signed up at the introduction section of the program. 
Households were firstly divided into three groups according to equal or 
approximately equal numbers of households with the same house type in each 
group. During the intervention process, some were usually not at home during our 
visits; some households moved away; and some changed their minds and were 
reluctant to continue the program. Therefore, in order to guarantee the data quality 
and lighten the working load to visit too many households, a proportion of 
households were deleted from the name list in April due to their absence in three or 
more intervention sections. Finally, there are totally 151 households with valid data 
for analysis at the end of the program. The number of units in the selected blocks is 
4707 according to HDB’s record so the response rate is 3.2% (151/4707). Table 4-1 
shows the number in the respective groups in the study. In the following data 
analysis, listwise deletion of missing data is applied so effective sample sizes range 
from 96 to 151 cases depending on the analysis. 
Table 4-1 Numbers of housholds in different groups 
Group Number of households
Group 1 (Leaflet) 61 
Group 2 (Tips) 41 
Group 3 (Control) 49 
Total 151 
4.1.2 Ethnics 
Table 4-2 shows the ethnic components of the 151 households, of which, 59.8% are 
Chinese, 16.2% are Malay, 19.7% are Indian and 4.3% are of other ethnic groups. 
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People under the “Other” category include Sri Lankan, Burmese, Philippine and 
Bengalese. The ethnic compositions of Singapore residents can be found from the 
website of Department of Statistics of Singapore. Though Singapore non-residents 
are also included in our samples and excluded in Department of Statistics’ report, a 
comparison can be still made to see the differences. Compared to the ethnic 
components of the whole Singapore, which is 74.1% Chinese, 13.4% Malays, 9.2% 
Indians and 3.3% of other ethnic groups in the year of 2011, it can be found out 
that Chinese are relatively underrepresented in our study and all other ethnic 
groups especially Indian are a bit overrepresented. 
Table 4-2 Ethnic components of households 
Ethnic 
group 
Percentage of the 
samples (%) 
Percentage of Singapore residents in the 
whole Singapore (%) 
Chinese 59.8 74.1 
Malay 16.2 13.4 
Indian 19.7 9.2 
Other 4.3 3.3 
4.1.3 House Type 
There are 2-room flats, 3-room flats, 4-room flats, 5-room flats, executive 
apartments and executive maisonettes occupied by the 151 households. These 
house types are also the same house types of the area. 3-room flats and 4-room flats 
are two main house types in the area, as is also reflected in our sample’s survey 
results. Table 4-3 shows the detailed percentages of each house types in the sample. 
Table 4-3 Percentage of house types 
House type Percentage (%)




Executive apartment 1.5 
Executive maisonette 8.0 
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4.1.4 Number of People Living in Households 
Number of people living in the households is another important figure, with which 
electricity consumption per capita becomes possible to calculate and better 
understanding of electricity consumption could be achieved. When using this figure 
only, a simple assumption is made: Age does not matter. Either a baby or an aged 
person is treated equally when talking about consumption per capita. Table 4-4 
shows the survey results. More than 80% hold three to six people in a household of 
the 151 households in our program. Because only one member of the household 
was interacted by the experimenters (in some cases, only if the person we used to 
talk with was not in, then another person would be spoken with), the figure three to 
six makes the effectiveness of interventions highly dependent on the interacted 
person’s willingness to spread the information. 
Table 4-4 Number of peple living in households 










Household income per month of all household members is enquired. The results are 
shown in Table 4-5. However, some residents are reluctant to provide such 
information and they are neglected in this part of data analysis. More than half of 
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the surveyed households earn less than S$4,000 a month and 90% of households 
earn less than $8,000. 
Table 4-5 Income situation 







12000 and over 3.8 
4.1.6 Education Level 
Education level of the house owner or the head of the family and the highest 
education level of all household members are surveyed. The results are 
summarized in Table 4-6. 
Table 4-6 Education level of household members 
Education level Head of the 
household (%)  
Highest of the 
family (%) 
Person at home 
most often (%) 
Pre-school Education 0 0 2.9 
Primary school 12.3 4.7 20.2 
Secondary school 37.7 17.0 32.7 
Junior college 2.8 5.7 1.9 
Institute of technical 
education 2.8 6.6 3.8 
Polytechnics 8.5 18.9 9.6 
Undergraduate 24.5 28.3 22.1 
Postgraduate 11.3 18.9 6.7 
 
4.2  Electricity Consumption and Gini Coefficient 
SP Services always examines the current electricity tariffs at the end of every 
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Gini coefficient is associated with the Lorenz curve. The Lorenz curve shows the 
cumulative distribution function of the empirical distribution of wealth or other 
resources. It can be shown in the graph the bottom X% of people earn Y% of total 
income. If everyone earns the same amount, then Lorenz curve will be a 45-drgree 
line, namely “line of equality”. The Gini coefficient is defined as the ratio of the 
area lies between the line of equality and the Lorenz curve over the total area under 
the line of equality. See Figure 4-2 and Gini coefficient equals to A/ (A+B). 
Gini coefficient can range from zero to one, with zone corresponding to complete 
equality and one corresponding to complete inequality. A low value indicates a 
relatively equal distribution. 
The electricity consumption of October and November per capita is used. How the 
electricity consumption distributes among the five quintiles of people is shown in 
Table 4-8 and the responding Lorenz curve is shown in Figure 4-3. By using Excel, 
Gini coefficient is calculated to be 0.253; meaning electricity consumption among 
the samples is relatively equal. However, it should be pointed out: this figure can 
be used as an indicator for Singapore’s public housing residents but not the 
situation of the whole Singapore. 
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cookers, and oven)” changed positively in all the three groups in a significant way. 
The reason may be the straightforwardness of the description. Once residents hear 
about it, they are prone to change it. The other three behaviors with significant 
positive changes in Group 2 are: Behavior 2 “When using air-conditioners, use fans 
and raise the temperature at the same time to save energy”, Behavior 5 “Regularly 
check the air-cons and clean air filter timely”, and Behavior 9 “A not too crowded 
refrigerator”. Focusing on those behaviors emphasized in Group 1’s distributed 
material, numbers of positive changes in different groups are two, three and two 
while none of them is significant. That means from this angle, the Group 1’s 
method is not superior. 
Table 4-9 Number of positive changes in different groups 
Group 
Number of positive changes Statistically significant positive changes 
21 Behaviors 1,3,16,17 21 Behaviors 1,3,16,17 
1, leaflet 11 2 1 0 
2, tips 14 3 4 0 
3, control 9 2 1 0 
It can be easily seen from Table 4-10 that the most average scores of each behavior 
are larger than three and a large part are larger than four. That implies residents 
reported they did well in these behaviors even before the interventions. That may 
also be part of the reason for not many positive behavior changes appear. The 
distribution of behavior scores after interventions, of some air-conditioner 
behaviors (because air-conditioner consumes a large part) and emphasized 
behaviors in distributed material, is shown in Figure 4-4. 
From Figure 4-4, it can be seen that still a number of households, roughly around 
20%, responded “never” to the energy-saving behaviors discussed above, though it 
has been found previously that the residents behaved well in general. To study the 
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internal relation between behaviors, Pearson product-moment correlation 
coefficients are calculated for the overall 21 behavior descriptions. Most behaviors 
have a significant but not so strong correlation with other behaviors. The 
mathematical mean of correlation coefficients is 0.347, meaning a tendency that 
people who rate their behavior high in some areas may also report high scores in 
other behavioral areas, and vice versa. 
 Table 4-10 Behavior scores for 21 behaviors and statistical results 




(Before) 3.46 2.46 3.28 2.46 3.72 4.55 3.86 4.05 3.75 4.02 4.09 3.51 3.49 4.40 3.14 3.28 3.65 3.63 3.62 3.27 3.32 3.57 
Leaflet Average (After) 3.19 2.73 3.50 3.12 3.62 4.12 4.44 3.92 4.22 4.20 4.14 3.81 3.94 4.39 3.20 3.17 3.46 3.37 3.72 3.45 3.53 3.67 
Z -0.9 1.452 0.585 1.941 -1.556 -1.055 2.07 -0.229 -2.215 0.211 -0.34 -0.23 1.196 0.104 0.891 0.121 -1.111 -0.672 0.866 -0.135 1.105 - 




(Before) 3.55 3.35 3.14 2.45 3.24 4.55 3.97 3.91 3.50 4.42 4.56 3.90 3.72 4.41 2.38 3.53 3.55 3.29 3.43 3.29 4.09 3.62 
Tips Average (After) 3.69 4.04 3.35 2.85 3.92 4.23 4.64 4.24 4.24 4.03 4.00 4.06 3.76 4.36 2.84 3.55 3.70 4.03 3.94 3.50 4.08 3.86 
 Z 
0.78 1.676 0.637 0.201 2.035 -0.512 2.266 1.021 1.977 -1.352 -2.302 0.764 0.277 -1.192 -0.17 -0.66 0.088 1.252 1.293 -0.816 0.816 - 




(Before) 4.03 3.00 3.46 3.06 3.39 4.81 3.78 4.54 4.46 4.37 4.61 4.17 4.05 4.51 3.48 3.90 3.79 3.76 3.88 4.24 4.60 3.99 
Control Average (After) 3.88 2.64 3.52 1.96 3.88 4.29 4.79 4.70 4.15 4.42 4.23 3.68 4.03 4.06 3.18 3.09 3.33 3.76 3.67 3.53 4.22 3.76 
 Z -0.086 0.04 1.447 -0.917 1.173 -1.289 3.012 1.76 -0.692 0.222 -1.516 1.486 0.792 -0.797 -0.573 -1.494 -1.016 0.104 -0.072 -1.511 -1.414 - 
 Sig. 0.931 0.968 0.148 0.359 0.241 0.197 .003 0.078 0.489 0.824 0.13 0.137 0.429 0.425 0.566 0.135 0.309 0.917 0.943 0.131 0.157 - 
Behaviors, numbered 1, 3, 16 and 17, whose numbers are underlined with wave, are emphasized in Group 1’s distributed materials. 
Behaviors, whose Z value are underlined; show increased self-reported behavior scores after the interventions.  
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data is the weather station of Department of Geography, National University of 
Singapore. It is cooler from December to March than other periods during the 
program. To estimate the weather effect on household electricity consumption, 
Ang’s (1992) regression results of residential electricity demand in Singapore is 
used: “a rise in the average temperature of 1°C would give an increase in the 
electricity consumption per person per day of 0.044kWh.” Considering the 
calculation result that the average electricity consumption per capita is about 
93kWh per month (30 days), 1°C average temperature change would lead to a 1.4% 
(0.44*30/93) change of electricity consumption. Considering the weather change is 
not larger than 2°C between any two of the studied period, the electricity 
consumption change is no larger than 2.8%. As is shown in Table 4-12 and Figure 
4-5 later, the consumption change is greater than 2.8% so a large proportion of 
consumption change could not be explained by weather change alone. 
Table 4-11 Hourly average temperature 
Unit: °C 
Oct – Nov Dec – Jan Feb - Mar Apr - May July 
24h 27.27 25.50 25.87 26.99 27.15 
12h 26.71 24.85 25.07 26.37 26.92 
   “12h” means from 7 PM till 6 AM. 
Table 4-12 shows the comparison of different period’s amount of electricity 
consumption. Paired sample t test is used. In the first compared pair, Period 1 
(October and November, which serves as a base line) versus Period 2 (December 
and January), a significant electricity consumption reduction is shown in all the 
groups. One of the reasons may be the existence of Hawthorne effect, which means 
subjects in experiments improve their behaviors simply because they are being 
observed and studied. The reduction may be results of rewards and weather change 
as well. In the second compared pair, the temperature is almost unchanged in this 
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period of time so the weather effect could be neglected. With the aim of testing 
whether the interventions are effective, it is only observed in Group 1 (Leaflet) that 
a further statistically significant reduction is recorded. The following compared 
pair shows a significant increase of electricity consumption in all three groups. The 
main reason should be the temperature increase. When examining the last two 
periods of the program, Group 1 (Leaflet) and Group 3 (Control) show a significant 
reduction. Comparing the last round and the round before the program started, it is 
found that all three groups show a significant reduction of electricity consumption. 
Because the average temperatures of Period 1 and 5 are close with a difference 
around 0.1°C in the whole day and 0.2°C during the night (see Table 4-11), the 
weather effect on electricity consumption in these two periods are almost the same. 
Table 4-12 Change of electricity consumption during different periods 
Unit: kWh/2months (61days) 




Mean 84.073 30.692 -119.257 107.679 134.738 
Significance 




Mean 71.12 17.5 -83.64 29.385 51.217 
Significance 




Mean 125.276 -11.808 -88.652 65.667 109.182 
Significance 
(2-tailed) 0.009 0.663 0.003 0.035 0.027 
Positive values indicate savings of electricity and negative values indicate more 
consumption. 
1: October and November, 2010; 2: December, 2010 and January, 2011; 3: 
February and March, 2011; 4: April and May, 2011; 5: July, 2011. 
Percentage changes of electricity consumption of the present period compared to 
Period 1 and the nearest period before the present period are both used to examine 
whether the percentage changes are significantly different between treatment 
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Cronbach’s alpha, a measure of internal consistency, is calculated for the set of 21 
reported behavior scores as well as the set of 22 quality of life (QOL) aspects. As is 
shown in Table 4-13, the Cronbach’s Alpha coefficients of both are greater than 0.7, 
which implies high internal consistency of both. 
Table 4-13 Reliability statistics for behavior score and QOL 
 Cronbach's Alpha N of Items
Behavior 0.794 21 
Quality of Life 0.919 22 
The data are further checked with Kaiser-Meyer-Olkin measure of sampling 
adequacy and Bartlett’s test of sphericity and they are both passed. Then the 22 
QOL aspects are factor analyzed on the important ratings to obtain a smaller 
number of value dimensions. A varimax rotation is conducted and a six-factor 
solution is obtained. The results are shown in Table 4-14. Because QOL No.9 
“Identity/self-respect” and No.16 “Safety” do not show high loading on any of the 
six factors (all their factor loadings are smaller than 0.50 and the loadings for two 
or more factors are closed), they are omitted in further analysis. The six-factor 
solution totally accounts for an acceptable 68.5% of the original variance in 
subjects’ importance ratings. 
Factor 1 contains six variables, which can be summarized to be “Relation to 
externality”. Factor 2 contains three items, called as “Openness to change”, 
meaning people with high scores in this value are welcome to change and value 
beauty and excitement. Factor 3 contains items related to family, work, health and 
religion, so it is called as “Traditional Family Value”. Factor 4 is a factor for 
“Environment and Freedom” and factor 5 covers money, comfort, leisure time and 
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social justice, representing “Enjoyment”. Factor 6 contains only one variable 
“Education”. 
Table 4-14 Factor loadings after varimax rotation 
  Component 
  1 2 3 4 5 6 
Factor 1: 21. Status/recognition .744      
Relation to externality 19. Social relations .713      
 11. Material beauty .666      
 17. Security .620      
 13. Nature/biodiversity .617      
 15. Privacy .569      
Factor 2: 2. Challenge/excitement  .822     
Openness to change 1. Aesthetic beauty  .764     
 3. Change/variation  .758     
Factor 3: 14. Partner and family   .740    
Traditional family value 22. Work   .725    
 8. Health   .593    
 20. Spirituality/religion   .562    
Factor 4: 6. Environmental quality    .785   
Environment and freedom 7. Freedom    .679   
Factor 5: 12. Money/income     .807  
Enjoyment 4. Comfort     .669  
 10. Leisure time     .549  
 18. Social justice     .486  
Factor 6: Education 5. Education      .742 
Explained variance 16.3 13.4 13.0 10.7 9.8 5.2 
 
4.4.2 Regression Analysis for Behavior and Energy Consumption 
Since the factor components are ready, the average self-reported behavior score 
and actual electricity consumption before the experiment are regressed on the six 
value dimensions and demographic variables. To include ethnics in the regression 
analysis, three dummy variables are created: Chinese, non-Chinese; Malay, non-
Malay; Indian, non-Indian. Ordinary least squares regression is used and the results 
are then checked with robust regression. (See Table 4-15)  
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Totally 14.3% of the original variance of self-reported behavior scores could be 
explained in the model. Among the value dimensions, the strongest predictor is the 
Traditional Family Value dimension, followed by the Openness to Change 
dimension. Ethnics also plays an important role in behavior scores. The negative 
standardized coefficients with significance indicate Chinese and Malay are likely to 
have lower behavior scores. Indian people more open to change and with a higher 
importance family, work, health and religion are prone to behave in a more energy-
saving way. 
Number of people living in the house, house type, and air-conditioner possession 
are positively related to actual electricity consumption while none of the QOL 
dimensions have a significant correlation with actual electricity consumption. The 
households in larger apartments using air-conditioners with more people in are 
consuming more electricity. The variance explained in this regression model is 
17.7%. The finding that values do not influence much on actual consumption is 
similar to the previous findings (Gatersleben, Steg and Vlek, 2002; and Poortinga, 








Table 4-15 Regression results for behavior scores and actual consumption 





Number of people .300 .178 0.379 .022* 
House type -.031 .811 0.136 .033* 
Income -.189 .234 0.094 0.602 
Education level of the 
head of household .069 .759 -0.134 0.735 
Education level of the 
person at home most often -.061 .736 -0.189 0.561 
Highest education level of 
the household .164 .420 0.032 0.952 
Ethnics: Chinese,1; non-
Chinese, 0 -.382 .031* -0.414 0.24 
Ethnics: Malay, 1; non-
Malay, 0 -.597 .004* -0.334 0.249 
Ethnics: Indian, 1; non-
Indian, 0 
Excluded due to too 
small tolerance -0.189 0.532 
Air-conditioner possession 
(No: 0; yes: 1) .234 .097 0.245 .046* 
Factor 1: relation to 
externality .161 .225 -0.02 0.559 
Factor 2: openness to 
change .185 .036* 0.082 0.978 
Factor 3: traditional family 
value .142 .026* -0.004 0.977 
Factor 4: environment and 
freedom -.195 .116 -0.004 0.053 
Factor 5: enjoyment -.106 .425 0.279 0.08 
Factor 6: education .129 .335 0.008 0.957 
R square 0.332 0.346 
Adjusted R square 0.143 0.177 
*Significance p<0.05 
4.4.3 Regression Analysis for Energy Saving 
Percentage of energy saving between the last round of intervention and the last 
round before intervention is regressed on demographics, values, behavior score, 
change of behavior score and groupings. Dummy variables are used to describe 
groupings. The variable “Group 1”, defined as 1 if the household is in Group 1, and 
0 if not, is omitted in the regression analysis because of too small tolerance. The 
results are shown in Table 4-16. 
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Table 4-16 Regression results for actual electricity saving 
  Standardized coefficients Significance 
Number of people .262 .277 
House type .605 .003* 
Income .035 .872 
Education level of the head of household -.393 .236 
Education level of the person at home most often .293 .221 
Highest education level of the household -.083 .819 
Ethnics: Chinese,1; non-Chinese, 0 -1.008 .081 
Ethnics: Malay, 1; non-Malay, 0 -.737 .121 
Ethnics: Indian, 1; non-Indian, 0 -.241 .615 
Air-conditioner possession (No: 0; yes: 1) -.008 .964 
Factor 1: relation to externality -.015 .933 
Factor 2: openness to change .015 .939 
Factor 3: traditional family value .191 .392 
Factor 4: environment and freedom .291 .183 
(Factor 5: enjoyment .266 .188 
Factor 6: education .171 .376 
Group 1: yes, 1: no, 0 Excluded due to too small tolerance 
Group 2: yes, 1: no, 0 -.241 .176 
Group 3: yes, 1: no, 0 -.550 .007* 
Energy consumption before intervention -.058 .770 
Behavior score before intervention -.172 .371 
Change of behavior score .376 .085 
R square=0.683, adjusted R square=0.332 
*Significance p<0.05 
 
Regarding percentage savings, only the house type and the dummy variable for 
Group 3 (Control) have correlation coefficients with the level of significance 
smaller than 5%; and the house type has a positive standardized correlation 
coefficient (0.605) and the dummy variable for Group 3 (Control) has a negative 
standardized correlation coefficient (-0.550). That means households with a larger 
house not in the control group are more likely to save more percentage of energy. 
However, energy consumption before the intervention shows no significant 
correlation with percentage savings. Though owners of larger apartments tend to 
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spend more energy, spending more is not the reason for saving more. The fact that 
households not in the control group tend to save more implies that providing 
information of energy consumption is an effective intervention method for energy 
conservation.  
4.5        Feedback 
The residents’ subjective feedback on the program will be discussed in this section. 
The results are shown in Figure 4-6 and the numbers in parentheses are the average 
of the responses based on the 5-point Likert scale. 
The first part is how residents in Group 1 (Leaflet) treat the distributed materials. 
When asked whether they have read the distributed materials at least once, 28.6% 
said no and 71.4% said yes. Only half of the households said they pasted the 
stickers in their houses. A further two questions are asked: Question 3, whether the 
responders who read the materials at least once read them every time and Question 
4, whether the other family members have read the materials. For those who read 
the materials at least once almost 50% agreed or strongly agreed with the opinion 
of “They read them every time”. Slightly over 50% responders agreed or strongly 
agreed that their family members read the materials as well and over 25% 
disagreed or strongly disagreed with the opinion. (It is necessary to use the 5-point 
scale in the question because there are usually a few family members.) 
The corresponding question for Group 2 (Tips) is Question 8. Over 60% agreed or 
strongly agreed that they had spread the information from discussion to other 
family members and only less than 10% disagreed or strongly disagreed. Based on 
the comparison of the two questions, participators in Tips Group are more willing 
to share the energy saving information to other family members, although passing 
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on the materials seems relatively easier. It was also found that personal preference 
was important for choosing how information was spread. Some responders in 
Leaflet Group said they did not like the way of distributing materials because they 
lacked such a habit of reading propaganda, while some in Tips Group said it was 
best they were provided with some brochures about energy saving. 
Similar questions (Question 5, 6, 9) were asked to all three groups, whether they 
were provided with useful energy saving information. With an average score of 
4.17 (Leaflet Group), 4.07 (Tips Group) and 3.33 (Control Group), the first two 
groups produced similar results better than control group, which fits our research 
design. It was also discovered through our conversation with residents that a 
number of residents thought the information provided was useless, because they 
had already known ways of saving energy we planned to let them know. Therefore, 
if the intervention is aimed at reducing energy consumption as much as possible 
and obtaining higher return (that means more energy saving) with less pay (that 
means less efforts made in intervention) are anticipated, those residents with a 
wealth of knowledge about energy conservation should be excluded or provided 
advanced knowledge in the intervention.  
Of all three groups, 60% of responders thought their family members know their 
participation in the program, and closed to 20% disagreed or strongly disagreed. 
More than 80% agreed that they changed their behavior towards an energy saving 
way. 
The reasons why the residents take energy saving measurements are also enquired. 
The lists of reasons according to relative importance, that is, average score rating 
(from highest to lowest; the higher the more important) are: easiness of behaviors, 
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saving money, environmental concern, trust in information source, convenience of 
information, satisfaction from energy saving behaviors and encouragement. That is 
consistent with Kua’s finding in 2012: easiness of behaviors is an important issue 
for Singaporean households to take energy-saving measurements. The high ratings 
of easiness of behaviors and saving money could be also reflected in residents’ 
responses: some residents did not fix the water thimbles sent in a simultaneous 
water saving program though detailed installment instruction was provided; when 

















Chapter 5  Conclusions 
5.1        Review of Research Objectives and Verification of Hypotheses 
5.1.1 Review of Objective 1 and Verification of Hypothesis 1 
Objective 1: To compare the effectiveness of different interventions based on self-
reported behavior scores as well as energy savings and find out a good way of 
intervention. 
Hypothesis 1: Some interventions lead to better results than others. 
Based on self-reported behavior scores, Group 2 (Tips) was the most successful 
group that had most positive changes as well as positive changes with statistically 
significance. Based on actual electricity consumption (See Figure 4-5), Group 1 
(Leaflet) was the most successful with the highest percentage of energy saving, 
though differences between groups were not statistically significant. These two 
conclusions may seem conflicting and further discussion would be shown in 
Section 5.3. 
5.1.2 Review of Objective 2 and Verification of Hypothesis 2 
Objective 2: To investigate how behaviors and electricity consumption are 
influenced by values and other demographics. 
Hypothesis 2: People’s values are determinant factors for their decisions on pro-
environmental behaviors, and especially some can function as good predictors. 
Values based on the 22 QOL aspects could be reduced to six dimensions: relation 
to externality, openness to change, traditional family value, environment and 
freedom, enjoyment and education. After the regression analysis, it is found that 
self-reported behavior scores are mostly positively related to openness to change 
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and traditional family value. However, none of the value dimensions shows 
statistically significant correlation with actual electricity consumption. Actual 
consumption is only positively related to demographic variables, such as number of 
people living in, floor area and air-conditioner possession. Because only limited 
variance is explained in the regression model, further study should be done in a 
broader area. 
5.1.3 Review of Objective 3  
Objective 3: To examine the methods of intervention used and make 
recommendations. 
This objective is mainly fulfilled in Section 4.3 and 4.5. The fact that tips group 
show most positive change in behaviors implies providing tailored information 
relevant to residents and reasons for particular behaviors is useful. Most behaviors 
show high average scores but for every behaviors there are always residents 
behaving in an energy inefficient way. 
Over 20% of residents receiving leaflets did not read them while half residents did 
not paste the stickers in their houses, so a large quantity of stickers were not used 
as planned and leaflets functioned better than stickers. Residents were found to be 
have their own preferences towards either reading materials or conversation and 
discussion about energy saving. A suitable intervention should be given in order to 
promote residents to save energy. 
Easiness of behaviors, saving money and environmental concern are found as the 
most important factors for choices of an energy saving behavior. Therefore, 
straightforward and easy measurements, emphasis on the amount of money saved 
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and evoking environmental concern are recommended for design of leaflets and 
future interventions. 
5.2      Contributions and Implications 
The VBN theory is tested in the context of Singapore HDB residents. Self-reported 
scores of pro-environmental behaviors are higher if residents are open to change 
and emphasize the value of family, work, health and religion. Findings similar to 
other researchers’ are also obtained: Number of people living in the house, house 
type, and air-conditioner possession are positively related to actual electricity 
consumption while none of the QOL dimensions have a significant correlation with 
actual electricity consumption. Residents living in larger apartments with energy 
saving information provided will save more percentage of energy consumption. 
Some habits of residents in Singapore HDB buildings towards interventions are 
also discovered, which provides some insight for future intervention. Leaflets are 
found to function better than stickers. Straightforward and easy measurements, 
emphasis on the amount of money saved and evoking environmental concern are 
recommended for intervention. Residents’ preferences towards intervention should 
also be taken into consideration to achieve successful intervention. 
5.3       Limitations 
The results of behavior scores and actual consumption seem conflicting. The 
explanation is given as follows: 
1. Self-reported scores may not be too reliable; especially in an experimental 
condition, people may feel social desirability to give answers they believe in line 
with community expectations. (DeMaio, 1984) It was assumed such responses 
66 
were credible. Even without social desirability, residents may fail to report accurate 
unbiased measurement of their behaviors. Question wording also affect the results 
of self-reported scores. In our study, the responder was asked to measure the 
behavior of the whole household. Residents are likely to forget what actually 
happens in their daily lives and the responses are based solely on impression and 
memory which lacks of accuracy. Mullaly (1998) compared interventions in which 
behavior scores were correlated with energy consumption data and those without 
such correlations and recommended the method of keeping a diary would make 
self-reported scores more reliable. However, the diary approach was found to have 
some flaws as well as merit: response rates may be lower and those willing to fill 
out diaries vary greatly in the demographic parameters from the target population. 
(McKenzie, 1983) Another solution to overcome the problem may be more 
frequent visits to make the memory reliable. 
2. There are other variables than behaviors affecting electricity consumption, which 
serves as a reason for the inconsistence between behavior scores and actual 
consumption. Such variables include number and types of household appliances, 
time of using different appliances, whether household members move out or 
visitors come and stay in the house for a long period, building parameters (like the 
orientation of the apartment and the thermal conductivity of walls and windows), 
weather condition, etc. The findings would be more interesting and useful, if all 
these effects are properly addressed. However, the only method to obtain so much 
information from residents is surveys. Long surveys would certainly annoy 
residents and lower the response rates. Besides, the figures obtained from 
subjective responses may not be reliable. 
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In our study, the effect of weather changes and rewards on behaviors and 
consumption is not comprehensively discussed. The improvement could be made 
to have another compared group, which is totally unaffected by our experiment. 
The only requirement for this group is to collect their electricity consumption data 
and the next step is to compare the difference between this group and Group 3 
(Control). In this way, the effect of rewards could be found out. Singapore’s 
weather changes little but it is found to affect electricity consumption in our study. 
Higher temperature is likely to increase the needs for cooling and more drinks 
directly and washing clothes indirectly. Other activities may also be affected but it 
certainly differs a lot among households. One possible method to single out 
weather effect on electricity consumption is to apply a tested and effective model 
determining the correlation between weather and electricity consumption. Besides, 
the holiday effect on electricity consumption, either school holidays or public 
holidays, is not taken into consideration in our study. 
Volunteers may act differently and such difference is certain to affect the 
interaction between them and residents. For such reason, to control the quality of 
interventions, experienced and inexperienced volunteers were combined to form a 
group of three or four people to work together. To some extent, the program is a 
realistic one but not the idealistic program. In an idealistic program, the best 
volunteers as well as experimental objects are chosen. The volunteers in the 
program, comparatively, are mainly students from ITE College West, aged around 
16 to 18 with relatively weak communication skills. Because Tips Group requires 
active volunteers willing to talk and familiar with energy saving advice, the 
performance of tailored information by giving tips may be enhanced with 
experienced volunteers. Therefore, the results here can be achieved and reproduced 
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in other areas of Singapore and possibly better. On the contrary, if time to train 
volunteers is limited and the quality of tips given cannot be guaranteed, leaflet is 
preferable to tips. 
To investigate pro-environmental behavior, only value dimensions and 
demographics were covered in the analysis. Though the results show some insight 
into their relation, behaviors cannot be fully explained only through values and 
demographics. Some other factors that have been proved to influence behavior are 
ignored in the study, like demographic side (family structure, age), contextual or 
external side (cultural), and psychological or internal side (motivation, knowledge), 
etc. Furthermore, for tips group, how the responders’ characteristics affect their 
communication with other family members is not considered. 
5.4        Recommendations 
Providing information about energy conservation is useful in household energy 
interventions. Residents’ preferences towards intervention (conversation, reading 
material or other methods; whether they will use stickers) should also be taken into 
consideration and the right kind of intervention should be provided to residents to 
achieve successful results. A database about residents’ information and preferences 
may be favorable. Straightforward and easy measurements, emphasis on the 
amount of money saved and evoking environmental concern are recommended for 
intervention. 
5.5        Suggestions for further research 
5.5.1 Intervention Study 
First, groups should have adequate numbers of households so statistical analysis is 
possible. Whether residents keep pro-environmental behaviors and save energy 
69 
after the intervention programs is best studied. It is best that the effect of variables 
like weather on energy consumption is corrected and variables like house type 
which has a great impact on energy consumption are controlled. 
Second, a database can be used to provide the most effective kind of intervention 
among a list of interventions according to households’ preferences. The advantages 
are efficient use of resources and effective intervention. 
Third, family structure could be taken into consideration. Shimoda et al. (2007) 
showed a good example. He classified household types on the basis of number of 
members and family type. Similar approaches can be adopted. 
Table 5-1 A method to describe family structure 
Number of members Family type 
1 Male, female, aged male, aged female 
2 Couple, aged couple, mother and a child 
3 Couple and a child, mother and children 
4 Couple and children 
5 Couple and children 
More than 5 Couple, children, and parents 
(Source: Shimoda et al., 2007) 
Fourth, effectiveness of other combination of interventions can be tested. 
Fifth, indirect consumption can be included in future research. 
Sixth, find out how the “gatekeeper”, the one who handle the information and is 
responsible to inform other family members, affect the spread of information. 
5.5.2 Pro-environmental Behavior 
First, inclusion of variables other than demographics and values, such as contextual 
or psychological factors, can be attempted to see whether it is a better explanation 
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of pro-environmental behavior. Other attempts like using other theories, such as 
theory of planned behavior and theory of cognitive dissonance, could be employed; 
but the difficulty is how to use diverse theories in an integrated manner and avoid 
putting them together mechanically. 
Second, verify to what degree self-reported scores are reliable. Methods can be 
well controlled experiments. 
Third, analyze different behaviors in a detailed way and find out barriers. That 
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Appendix 1. Basic information questionnaire 
House Type: 1 room flat / 2 room flat / 3 room flat / 4 room flat / 5 room flat / Executive 
Apartment / Executive Maisonette  
 
Floor area: ____________ m2 
 
 
1. Ages and genders of all family members:                           
E.g. 3 people in a house. Ages and genders: Person A, 33, M; Person B, 33, F; Person C, 5, 
M. Then fill with “33(M), 33(F), 5(M)”. 
 
2. Monthly income of the whole family:                           (Make a choice.) 
A. 0-1999 B. 2000-3999 C. 4000-5999  D. 6000-7999  E. 8000-9999 
F. 10000-11999 G. 12000-13999  H. 14000-15999  I. 16000-17999  J. above 18000 
Notes: If the resident is reluctant to tell about it, let him know that we are only asking for a 
range and we will keep the information confidential. The information is for research only. 
 
3. Education level of the householder:         (Make a choice from below.) 
A.  Pre-School Education   B. Primary School C. Secondary School 
D.  Junior College E. Polytechnics  F. Institute of Technical Education 
G.  Bachelor H. Postgraduate 
4. Education level of the person who is at home most often:         (Make a choice from below.) 
A.  Pre-School Education   B. Primary School C. Secondary School 
D.  Junior College E. Polytechnics  F. Institute of Technical Education 
G.  Bachelor H. Postgraduate 
5. Highest education level in the family:         (Make a choice from below.) 
A. Pre-School Education   B. Primary School C. Secondary School 
D.  Junior College E. Polytechnics  F. Institute of Technical Education 
G.  Bachelor H. Postgraduate 
6. Ethnics:            
A. Chinese   B. Malay  C. Indian D. Others:           
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a. Possession: Yes/No Number:       
1. Use fans rather than air-conditioners.           
2. When using air-cons, use fans and raise the 
temperature at the same time to save energy. 
          
3. Set the thermostat above 25oC.           
4. Use automatic time switch when possible.           












6. Keep windows and doors closed when the 
air-con is on. 
          
Refrigerator 
b. Possession: Yes/No Number:       
7. Refrigerator placed away from a heat source. 

























10. Cool down hot food before storing in fridge.           
11. Cover liquids stored in the refrigerator.           
Water Heater  
c. Possession: Yes/No 
12. Heat enough water without too much 
unused. (For an instantaneous one, switch it on 
before shower and turn off after use. For a 
storage type, switch it on about 20 minutes 
before shower, and turn it off after use. ) 
          
Lighting 
13. Make full use of daylight during the 
daytime. 
          
14. Turn lights off when nobody is in.           
15. Use task lighting for activities requiring 
small amount of focus light. (e.g. reading 
lamps). 
          
Home Electronics  













17. Switch top boxes, modems off when not in 
use. (e.g. overnight) 
          
18. Allow computer to be on hibernation mode 
after 10- 15 min. Switch off the computer 
completely when not in use for more than 30 
minutes. 
          
19. Unplug chargers after use.           
Electric Air-Pot 
d. Possession: Yes/No 
20. Turn it on only necessary. Turn it off if not 
in use overnight. 
          
Clothes Dryer 
e. Possession: Yes/No 
21. Dry laundry under natural sunlight 
whenever possible. 
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a. Possession: Yes/No Number:                
1. Use fans rather 
than air-conditioners. 
            
2. When using air-
cons, use fans and 
raise the temperature 
at the same time to 
save energy. 
          Using air-conditioners as 
well as fans can save 
energy for fans increase 
air movements and make 
people feel more 
comfortable. 
3. Set the thermostat 
above 25oC. 
          Increasing the 
temperature set point by 1 
degree will reduce the 
amount of power by up to 
10 per cent. 
4. Use automatic time 
switch when possible. 
          Turn off the air-con half 
an hour earlier using a 
timer. 
5. Regularly check 
the air-cons and clean 













The condition of an air-
con unit (e.g. refrigerant, 
pipes and motors) also 
affects its efficiency. 
6. Keep windows and 
doors closed when 
the air-conditioner is 
on. 




b. Possession: Yes/No Number:                
7. Refrigerator placed 
away from a heat 













/ Away   
8. Allow some space 
all around the fridge. 





Allow some space all 
around the fridge to allow 
heat to escape from the 
compressor and 
condensing coil. 










Do not overload the 
refrigerator to ensure the 
cold air can circulate 
freely. Consider using 
tupperwares or other food 
storage containers to 
minimize clutter. 













food before storing 
in. 
11. Cover liquids 
stored in the 
refrigerator. 
          Uncovered liquids release 
moisture and make the 
compressor work harder. 
Water Heater  
c. Possession: Yes/No   
12. Heat enough 
water without too 
much unused. (For an 
instantaneous one, 
switch it on before 
shower and turn off 
after use. For a 
storage type, switch it 
on about 20 minutes 
before shower, and 
turn it off after use. ) 
          For an instantaneous 
water heater, switch it on 
before you shower and 
turn it off after use. For a 
storage water heater, 
switch it on about 20 
minutes before you 
shower, and turn it off 
after use.   
Lighting 
13. Make full use of 
daylight during the 
daytime. 
            
14. Turn lights off 
when nobody is in. 
            
15. Use task lighting 
for activities 
requiring small 
amount of focus light. 
(e.g. reading lamps). 
            
Home Electronics  
16. Do not leave 
home appliances on 
standby. 
          Switch off home 
appliances at the power 
socket.  Do not leave 
them on standby as they 
are still consuming 
electricity.  
17. Switch top boxes, 
modems off when not 
in use. (e.g. 
overnight) 
            
18. Allow computer 
to be on hibernation 
mode after 10- 15 
min. Switch off the 
computer completely 
when not in use for 
more than 30 
minutes. 
          Enable your computer’s 
energy-saving features, 
such as switching to 
hibernation mode after a 
certain amount of time of 
inactivity or after 
downloads are complete. 
19. Unplug chargers 
after use. 














d. Possession: Yes/No   
20. Turn it on only 
when necessary. Turn 
it off if it is not in use 
overnight. 
          Use thermo-flask instead 
of electric air-pot, boil 
water only when 
necessary (e.g. electric 
kettle) or switch off air-
pot at night. 
Clothes Dryer 
e. Possession: Yes/No   
21. Dry laundry under 
natural sunlight 
whenever possible. 





Appendix 4. Quality of Life questionnaire 
Rate the importance of the following aspects to your family: 
你觉得下面各项描述对你的家庭是否重要？ 
1 =Unimportant, 2 =Slightly important, 3 =Important, 4 =Very important, 5 =Critical 
 Description 描述 1 2 3 4 5 













































































6 Having access to clean air, water and soil. Having 
















7 Freedom and control over the course of one's life, 
to be able to decide for yourself, what you do, 





























9 Having sufficient self-respect and being able to 















10 Having enough time after work and household 































12 Having enough money to buy and to do the thing 















13 To enjoy natural landscapes, parks and forests. 
Assurance of the continued existence of plants and 
































15 Having opportunities to be yourself, do your 















 Description 描述 1 2 3 4 5 
ant 
16 Being safe at home and in the streets. Being able to 






























































20 Being able to live a life with an emphasis on 






























22 Having or being able to find a job and being able 

















Appendix 5. Program feedback questionnaire 
This section is only for the study of usefulness of the program.  
For each household, please only ask the questions designed for the particular group. 
G123: Group 1, 2&3; G1: Group 1; G2: Group 2; G3: Group 3. 
Do you agree or disagree with the following opinions? 
1: Strongly disagree; 2: Disagree; 3: Neutral; 4: Agree; 5: Strongly agree 
1. G123: All your family members know they are in such a program. 1 2 3 4 5
2. G1: You have read the leaflets and stickers at least once. Yes / No 
3. G1: You pasted the stickers in your house. Yes / No 
4. G1: You read the leaflets and stickers every time we gave you. 1 2 3 4 5
5. G1: Your family members read the leaflets and stickers as well. 1 2 3 4 5
6. G1: The leaflets provide you useful information about energy 
saving. 
1 2 3 4 5
7. G2: The discussion provides you useful information about energy 
saving. 
1 2 3 4 5
8. G3: We have provided you useful information about energy saving. 1 2 3 4 5
9. G2: The discussion let you understand the reasons of energy-related 
behavior. 
1 2 3 4 5
10. G2: You have spread the information from the discussion to other 
family members. 
1 2 3 4 5
11. G123: You have changed your behaviors towards a more energy 
efficient way. 
1 2 3 4 5
12. G123: Why do you practice the recommended measures? To save 
money. 
1 2 3 4 5
13. G123: Why do you practice the recommended measures? I am 
concerned about the environmental problem. 
1 2 3 4 5
14. G123: The information of how to save energy is easy to access so 
the recommended measures are practiced. 
1 2 3 4 5
15. G123: Encouragement makes the recommended measures 
performed. 
1 2 3 4 5
16. G123: Because the energy saving information is from trusted 
persons or organizations, the recommended measures are performed. 
1 2 3 4 5
17. G123: Why do you practice the recommended measures? A sense of 
satisfaction is obtained after doing so. 
1 2 3 4 5
18. G123: If the measures are easy to perform, they are more likely to 
perform; if they are difficult, they are unlikely to perform. 
1 2 3 4 5
19. G123: Rate the program: 1, lowest; 2, lower than average; 3, 
average; 4, higher than average; 5, highest. 
1 2 3 4 5
Do you have any advice for the program? (If not enough space, write below.)  
